This study investigated the molecular mechanism of the effect of CD44 on the recurrence of EGC after ESD, including the potential regulator and signaling pathways of CD44.
Background
Gastric cancer is the second most common malignancy in the world, and early gastric cancer (EGC) has a better prognosis when treated properly [1] . Particularly, endoscopic treatment has been widely used to treat patients who have EGC, which improved prognosis of the patients to some extent. Consequently, numerous patients with EGC successfully avoided laparotomy and had a better quality of life.
Endoscopic submucosal dissection (ESD), which makes en bloc resection easier, has been regarded as a valuable procedure for treatment of EGC [2, 3] . ESD has been accepted as standard treatment for EGC in some countries [4] , and the procedure is gaining popularity on a global scale [5] [6] [7] [8] . The frequency of residual lesions and recurrence rate of neoplasm after ESD have been decreased significantly when compared with that of conventional endoscopic mucosal resection (EMR) [2, 3, [8] [9] [10] ; but the residual lesions and recurrence of neoplasm after non-curative resection by ESD are observed in a few cases [11] [12] [13] .
CD44, an important adhesion molecule for the extracellular matrix, is involved in numerous physiological processes such as metastasis and invasion of tumor cells [14] . It has been confirmed that CD44 works as a cell surface marker and is related to cancer stem-like cells in a variety of solid malignancies [15, 16] . Recently, it has been reported that xCT, a glutamate-cystine transporter, interacts with CD44 and is stabilized by CD44, leading to increased expression levels of glutathione (GSH) in cells, and a variant of CD44 presents improved ability to inhibit ROS production, leading to subsequent metastasis, recurrence, and therapeutic resistance of tumors [17] [18] [19] . MicroRNAs (MiRNAs) is a class of endogenous small noncoding RNAs that can bind to the 3' untranslated region (3'UTR) of target mRNA sequences to modulate target gene expression at the posttranscriptional level [20] . Aberrant expressions of miRNAs are associated with development and origin of tumors, and miRNAs may function as either tumor suppressors or activators [21] [22] [23] . In the last few years, more and more studies have focused on the role of miRNAs as therapeutic, prognostic, diagnostic, or response-predictive biomarkers in malignancies [24, 25] .
It has been previously reported that a variant of CD44 was associated with the risk of recurrence after ESD [26] , and CD44 has been shown to be a target gene of miR-328 in normal gastric mucosa [27] as well as cancer cells of other type [28] . This study focused on recurrence of EGC after treatment by ESD. These patients were randomly subclassified into 2 groups in accordance with their molecular findings after initial dissection, and the expression levels of CD44 and miR-328 were examined in those patients.
Material and Methods

Patients and ESD procedure
A total 230 EGC patients were recruited at the Affiliated Hospital of Qingdao University, Department of Gastroenterology, from September 2013 to February 2015. All of them were diagnosed with EGC, which was defined as malignancy in which invasion was restricted to the submucosal layer, irrespective of the absence or presence of lymph node metastasis. The expression of miR-328 was determined and those with miR-328 expression higher than the median were defined as "high miR-328 expression (N=127)" and the rest was defined as "low miR-328 expression (N=103)". The patients were recruited when hospitalized in the department and the information was collected by interview or from the record. Written informed consent was obtained from each participant. The Institutional Review Board of Qingdao University approved the study.
Cell culture and treatment
The MKN28 cell line, purchased from ATCC (Manassas, VA), was kept in medium of RPMI 1640 with 10% fetal bovine serum in an environment with 5% CO 2 at 37°C.
Quantitative real-time reverse transcription polymerase chain reaction A mirVana microRNA isolation kit purchased from Ambion (Austin, TX) was used to isolate total RNA in accordance with the instructions of the manufacturer. Using a NanoDrop ND-1000 spectrophotometer purchased from NanoDrop Technologies, all RNA samples were measured for absorbance ratio at 260 nm/280 nm in order to evaluate the concentration and purity (DE, USA). qRT-PCR was used to examine the expression levels of CD44 and miR-328. RNU6B was used to normalize the expression level of MiR-328. b-actin was used to normalize the expression level of CD44. A LightCycler 480 System II (Roche Diagnostics) was used to perform all the qRT-PCRs. The 2 -DDCt method was used to measure relative amounts. All qRT-PCRs were carried out in triplicate.
Transfection of miRNA
The mimic or inhibitory of miR-328 purchased from Applied Biosystems (Foster City, CA) was used to transfect the cells with Lipofectamine 2000 (Invitrogen, Carlsbad, CA) in accordance with the protocol of manufacturer (Foster City, CA). A negative control purchased from Applied Biosystems (Foster City, CA) was used to verify the specificity of the transfection.
Luciferase assay
3'UTR of CD44 was amplified and inserted into the restriction sites of a pmirGLO (Promega). Site-directed mutagenesis 4780 primers were used to introduce vectors that contained mutant sequences of human CD44 3'-UTR targeted by miR-328. The wild-type or mutant and miR-328 or negative controls were used to transfect the MKN28 cells in 96-wells plates. The DualGlo™ Luciferase Assay System (Promega) was used to perform reporter assays 48 h after transfection to determine the Renilla and firefly luciferase activities. We conducted all the transfection experiments in triplicate.
Western blot analysis
Phosphate-buffered saline was used to wash the cells harvested or the tissue samples, followed by lysing them in radioimmunoprecipitation buffer containing phosphatase/protease inhibitor cocktail purchased from Thermo Scientific (Tokyo, Japan). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed with each protein sample, then we transferred the protein to a nitrocellulose membrane and incubated them with anti-CD44 and anti-b-actin primary antibodies (SCBT, Santa Cruz, CA). After incubating with secondary antibodies (SCBT, Santa Cruz, CA), the Enhanced Chemiluminescence Detection System, purchased from GE Healthcare, was used to detect signals (Little Chalfont, UK).
In vitro cytotoxicity assay
MKN28 cells which were transfected with mimic or control miR-328 were maintained in 96-well microplates at a density of 2×10 3 cells per well, cultured overnight, and then exposed to H 2 O 2 for 3 days. The experiment was carried out in triplicate. A Cell Counting Kit-8, purchased from Dojindo Laboratories, was used to determine the number of viable cells.
Statistical analysis
The Kaplan-Meier test, the log-rank test, and the Fisher's protected least significant difference test were used to perform the statistical comparisons among the 2 independent groups. The t test (for 2 groups) or one-way ANOVA were used to determine the difference between the groups. P<0.05 was considered statistically significant. SPSS 15.0 software was used to perform all statistical analyses (IBM Inc., Chicago, IL).
Results
CD44 was virtual target of miR-328
CD44 has been previously reported to be a promoting factor of invasion and metastasis, the expression level of which could affect the recurrence of EGC after ESD. In this study, we aimed to investigate the molecular mechanism, including the potential regulator and signaling pathways of CD44, that might be functionally involved in the control of the recurrence of EGC after ESD. As shown in Figure 1 , we identified miR-328 as a potential regulator of CD44 by searching the miRNA online database (www.mirdb.org) with the "seed sequence" located within the 3'-UTR of the target gene.
To validate the regulatory relationship between miR-328 and CD44, we also conducted luciferase activity reporter assay in gastric cancer cells by co-transfecting the cells with wild-type CD44 3'UTR constructs, and different concentration of miR-328 mimics (25 nM, 50 nM, and 100 nM). To verify the binding site of miR-328 in the mRNA, we also set up another reporter system with the wild-type replaced by the mutant. As shown in Figure 2 (P<0.01), compared with the scramble control, the relative luciferase activity of cells transfected with wild-type CD44 3'UTR constructs clearly decreased as the concentration of miR-328 mimics increased, exhibiting a negative regulation in a stepwise manner. On the contrary, cells carrying mutant CD44 3'UTR constructs exhibited comparable relative luciferase activity index when compared with the scramble controls, indicating CD44 as the direct target gene of miR-328 with the binding site located at the segment that has been mutated.
Expression level of miR-328 and CD44 varied in different groups
To confirm reduced expression of miR-328 in EGC with early recurrence after ESD, we evaluated the expression of miR-328 in 230 recurrence-positive (N=96) and recurrence-negative (N=134) frozen EGC tissues using quantitative reverse transcriptase PCR (qRT-PCR). As shown in Figure 3 (P<0.01), the expression level of miR-328 in recurrence-positive tissues decreased substantially compared with recurrence-negative tissues.
We further conducted real-time PCR and Western blot analysis to study the mRNA and protein expression level of CD44 among different groups. As shown in Figure 4 , both the mRNA and protein expression level of CD44 of the recurrence-positive group were evidently higher when compared with the 
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MiR-328 inhibits the expression of CD44
To further validate the hypothesis of the negative regulatory relationship between miR-328 and CD44, we investigated the mRNA/protein expression level of CD44 in GC cells treated with 50-nM miR-328 mimics, 100-nM miR-328 mimics, and 100-nM miR-328 inhibitors. As shown in Figure 5 (P<0.01), the CD44 protein ( Figure 5A , 5C) and mRNA ( Figure 5B, 5D ) expression level of EGC cells treated with 50-nM miR-328 mimics were apparently lower than the scramble control, and those of the cells treated with 100-nM miR-328 mimics were even lower than the 50-nM treatment group, indicating a concentrationdependent effect of miR-328 on the expression of CD44. The miR-328 inhibitors treatment group showed evidently higher expression level of CD44 protein (upper panel) and mRNA (lower panel) when compared with the scramble controls and the miR-328 mimics treatment groups, validating the negative regulatory relationship between miR-328 and CD44.
MiR-328 interfered with the viability of EGC cells
As shown in Figure 6 , we also investigated the relative viability of GC cells when transfected with miR-328 mimics (50-nM and 100-nM) and miR-328 inhibitors (100-nM). Cells transfected with 100-nM miR-328 inhibitors showed evidently upregulated viability when compared with the scramble controls (P<0.01), while cells transfected with 50-nM/100-nM miR-328 mimics showed comparably lower viability, indicating miR-328 negatively interfered with the viability of EGC cells.
MiR-328 as a biomarker to predict recurrence after ESD in EGC patients
To study the association between miR-328 and risk of recurrence in EGC patients who received ESD treatment, we enrolled 230 EGC patients (including 127 subjects with high expression of miR-328 and 103 subjects with low expression of miR-328) to observe the time period between the ESD treatment and the recurrence using Cox proportional hazard model analysis.
As shown in Figure 7 , when the recurrence rate was analyzed via the log rank test, the recurrence-free rate was significantly longer in those with relatively high expression of miR-328 than in those with low miR-328 (P<0.01), indicating miR-328 might be a potential a biomarker to predict recurrence after ESD in EGC patients.
Discussion
In many cancers there is a low expression level of MiR-328. miR-328 has been reported to down-regulate levels of protein ABCG2 to reduce chemoresistance of GBM stem cells [29] . In addition, miR-328 presents decreased expression levels during progression of glioma (primary WHO grade II gliomas spontaneously turn into secondary WHO grade IV GBMs) [30] . These findings indicate that miR-328 plays a critical role in origination or/and progression of GBM. It was also shown that miR-328 targeted the 3'-UTR of CD44 directly to modulate CD44 Figure 6 . Cells transfected with 100-nM miR-328 inhibitors showed evidently upregulated viability when compared with the scramble controls, while cells transfected with 50-nM/100-nM miR-328 mimics showed comparably lower viability. Low miR-328 Figure 5 . We investigated the mRNA/protein expression level of CD44 of EGC cells treated with 50-nM miR-328 mimics, 100-nM miR-328 mimics, and 100-nM miR-328 inhibitors to validate the negative regulatory relationship between miR-328 and CD44. The CD44 protein (A) and mRNA expression level (B) of EGC cells treated with 50-nM miR-328 mimics were apparently lower than the scramble control, while those of the sample group treated with 100-nM miR-328 mimics were even lower than the 50-nM treatment group. The miR-328 inhibitors treatment group showed evidently higher expression level of CD44 protein (C) and mRNA (D) when compared with the scramble controls and the miR-328 mimics treatment groups. expression of other cell types and confirmed that targeting sequences of miR-328 were located in 3'-UTR of CD44. A previous study reported that miR-328 targeted CD44 expression to regulate zonation morphogenesis [31] . In the present study we found that in gastric cancer cells, the relative luciferase activity of cells transfected with wild-type CD44 3'UTR constructs evidently decreased as the concentration of miR-328 mimics increased, exhibiting negative regulation in a stepwise manner. On the contrary, cells carrying mutant CD44 3'UTR constructs exhibited comparable relative luciferase activity index when compared with the scramble controls, indicating CD44 as the direct target gene of miR-328 with the binding site located at the segment that has been mutated. Furthermore, we showed that the expression level of miR-328 in recurrence-positive tissues decreased substantially compared with recurrence-negative tissues, while both the mRNA and protein expression level of CD44 of the recurrence-positive group were evidently higher when compared with the recurrence-negative group.
As an important receptor for hyaluronic acid and adhesion molecule, CD44 is involved in numerous physiological processes such as metastasis, invasion, and growth of cancer cells [32] . A previous study showed that a CD44 variant (CD44v), which could interact with xCT, induced the synthesis of the primary intracellular antioxidant glutathione, leading to reactive oxygen species (ROS) defense and promoting tumor growth [19, 33] . Moreover, another study, which used flow-cytometric analysis, demonstrated that there was increased expression level of CD44v9 and CD44 in human gastric mucosa with H. pylori infection but not in gastric mucosa without H. pylori infection [34] . It has been found that there was a high expression level of CD44 in metaplastic cells of SPEM adjacent to tumors in C2mE/K19-Wnt1 mice and that tumor cells with high levels of CD44 had a much higher expression level of SPEM-related genes compared with CD44 tumor cells [35] . It was reported that CD44 acts as a critical CSC marker and plays an important part in ROS defense, leading to colonization of metastatic cancer cells and tumor development [19, 17] . Consistent ROS stress might contribute to adaptive stress responses such as upregulation of survival factors, antioxidants, and redox-sensitive transcription factors. Adaptation of redox allows cancer cells surviving under increased ROS stress to develop resistance to some anticancer drugs [36, 33] . CD44 expression is suppressed by several miRNAs by targeting the 3'-UTR of CD44, leading to suppression of metastasis and tumorigenesis. For example, miR-34a, a major negative regulative factor of prostate CSCs with CD44 positivity, repressed CD44 directly to inhibit metastasis, while CD44 was targeted by miR-199a in ovarian cancer-initiating cells with CD117/CD44 positivity, leading to suppression of multidrug resistance and tumorigenesis [37, 38] . A potential target for therapy is provided by a signaling pathway related to CD44; however, it remains completely unknown how CD44 expression is regulated. In this study, we found that cells transfected with 100-nM miR-328 inhibitors showed evidently upregulated viability when compared with the scramble controls, while cells transfected with 50-nM/100-nM miR-328 mimics showed comparably lower viability, indicating miR-328 negatively interfered with the viability of EGC cells. We also studied the association between miR-328 and risk of recurrence in EGC patients who received ESD treatment. We enrolled 230 EGC patients to observe the time period between the ESD treatment and the recurrence using Cox proportional hazard model analysis. As shown in Figure 7 , when the recurrence rate was analyzed via the log rank test, the recurrencefree rate was significantly longer in those with relatively high expression of miR-328 than low miR-328, indicating miR-328 might be a potential a biomarker to predict recurrence after ESD in EGC patients.
Conclusions
We validated CD44 as a target of miR-328 in gastrointestinal cancer, and found that the expression level of miR-328 is associated with the risk of recurrence of ECG after treatment with ESD. Therefore, miR-328 might be a potential predictive biomarker of recurrence after ESD.
